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Abstract 

We have m d  tht reaction propagation nake ("R] in weapmsjpade, uluafint ~~~~1,3,5,?-'-eetraaitro-r,3,5,7-~~.ociae m) powder in a diamond anvil cell over the pres-sure m g e  0.7-35 GPa In order to have a cross-eomparboa sf om- 
experiments, we Earried out a series of experhen& 011 nitromethane 0 ap to 15 GPa Our pesulta (IU XM - 
indlstfnsuishable from previous measurements o€ Rice and lolz In comparison to high-presslpre hW, the bum for 
solid HMX is no1 spatially unifbnn. 
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There is a smng interest in first-principles &ling of chemical reactions in high explosive (HE) mete~al~. However, the 
validation of these models Pequires experimental data at the appro-pride presswe and temperalure conditions of the resctions of 
interest. Because lbcse reactions occur aver time d e s  of mimmnds, &cy have to a great degree resisted aperim& 
charactenmlion of the timdamentai processes governing combustion and detonation. The diamond anvil cell (DAG) is well suited 
for studying lhese rewtions because it prowdes it higIt-pressure, veriable-lempemtum sam-ple mvironment, as well as an apticalb 
clear wm-clow for spectmscapic study of reactions within tbe DAC. The reaction propagation rate CRpR) of an HE malerial c;m 
be studied directly by confming the matend within the DAG and initialing combus-lion with a focused laser pulse. Ow 
expetimen&lapprouch is a modification of the earlier work of Rice and Foltz { 1). Here we report the firsl results of the RPR 
mssurements on ~y~p1,3,5,7-tetr~tro-l,3,5,7-letrazocine (HMX) over the pres-sure range 0.7-35 GPa. 
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Diagram of the information contained in the streak record. The 
slope of the deflagration edge on the streak record represents 
the rate at which the reaction front propagates after ignition. 

INTRODUCTION 



The experimental setup is presented i r ~  Fig- 3. %e agpamtw and p r ~ d u c t  employed were slmilar fa those used by Foltz in RPR 
measurements of the high explosive k,3,S-tn 1, except the mas-uremcnts described here were done 
employing hansmitted light rather Lhan tefhted X 
counter-opposed 0.25 carat dimnds with culet d 
achieved using Inconel or rhenium gaskets .Mth, 
diamond nearest the streak atmem for dekemn-ation or rhe mCiaT presswe using the mby fluores-ceme preSSLUe scale. W I e s  
misted of weapons-grade, ultrabe W [&t B-lgl-wet) ctrnbimg Lws 7% W X ,  with a grain size of -3 m. In addition, 
RPR studies of nitromethaae @M) were conducted far compmison with iLht ~EVIQUS data of h c e  and Foltz (1). 
Both sample illumination and excitation Far ruby fluorescence were provkkd by an argon ion laser operaling at 488 nm (Lexel model 
95). The cw 488 nm beam was passed through a bepm expandzr ,md fm& into h e  DAC in order to fully illumbte the sample. 
Sample ignition was provid-ed by a Q-switched N&YAG laser f”&w Wave MsihLase E--20) Eniquenq-doubled to 532 nm, with pulses 
of -9 11s duration. Duri~~g optical alignmcnl, the 532 nm pulse energies were kept below 0.1 5 to prevent accidental ignition. The 532 
nm beam was made colIinear with the 488 nm h e s m  miag a quartz beanasp~plittm, and was focused tu a -5 rn spot size in the center of 
the sample region illuminated by the 488 rn beam. T m l t d  light &om &e sample was magnified [- 1%) and focused onto a 10- 
SO m-wide slit, and was then magmfied (9 .5~ )  d l c  Lhe slid. Far mby Ifuonscence meas-wmcnts, the emission was fwused onto the 
entrance slit of a Kaiser 0ptiaJl.g spectrograph, and detected by a 1 
&r pressure measurements, the laser spackle pathern f i m  the Ol AC prnwded by the 488 nm beam was directed tu an EG&G GCA- 
20 electronic s t n a k  camera (Polaroid film type ST, 3ooO speed] apaating ai sire& Mes betwem 1.8 and LO s. k glass slide in &e 
532 nm beam was uscd to dinct a popartion trf the igaitlaa puke Lo a pholodide ia order Lo synchronize the pulse with the streak 
camen Ignition pulse energies were d e e d  by a ~Molectron EPM 2 W  energy meter, and were in the range of 1-10 I. A 
holographic notch filter placed before the streak camem slit was used io filter the 532 m light to prevent over-exposure ofthe streak 
image. Typical streak images 3fe s h o w  in Figure 2. 

d-rifxogen ~ooied CCLl camefa (Priaceton instruments). 

Schematic layout of RPR experimental apparatus. The argon ion laser provides sample illumination and excitation for ruby 
fluorescence pressure measurements, while the sample egnitim pulse is pravided by the Nd:YAG laser. The argon ion Iaser speckle 
pattern is imaged onto the streak camera slit, and disturbances It0 the speckle pamm caused by reaction oPthe sanple are recorded. 

2a. Streak record of a reacting t3M.X sample rtl 
21 GPa. The vertical dimension is time, where 
the streak rate is 3.2 s, and the horizonlal 
dimension is distance. The parallel verlical lines 
are due to the undisturbed laser speckIe pattern 
king streaked in time. Deflagration within the 
sample disturbs &e speckle pattern hrn  the 
point where the ignition pulse strikes the sample. 
The disturbance moves outward from ths point, 
resulting in the pattem shown here. The 
corresponding reaction propagation rate is 22“ 
dS. 



'?rewire dependence of the reaction 
propagation rate for HMX. 
Experimental data obtained in our 
laboratory are indicated by the circles, 
while the squares indicate calculated 
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Pressure dependence of the reaction 

Puhts with error ban were obtained by 
Rice and Folk (1991). while the data 
indicated by the circles were obtained in 
our laboratory. 

propagation rate for nilroomethane. .-- 
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RESULTS AND ZISSCUSSWIN 

TSRe expenments on NM were perfomed in order to compare our hEpR data wi& known values. Figure 3 presenls a comparison of 
bum rates obteind by Rice and Poitz (1) with those ablamed in aw laboratory. Thc tigure demonstrates that our results are 
indistmguishable to those previously obtmed, suggestmg that ow experimental inelhod is robust for the study of HE malerials. 
Tsble 1 presents the RPR values obtained uf the present study om IWX .inr the: pnssure range 0.7-35 GPa. These data indicate that 

thc bum rate of HMX is bema  5 and 10 times that oENM at pressures above kt3 GPa Furthermore, Ihe data also dcmonstmte that 
at HMX bums over an order of magnitude faster than TATB in fhrsptessure regime (2). 
The dependence of the RPR o€ HMX on pressure is presnied in Figure 4. Also presented are the calculated bum rates for W 

obtained b m  Reaugh. While the calculation consisrently mdewthales the observed bum rate, the two plots have sirmlar slopes, 
indicating hat the calculation follows the observed progression of bun  rale with pressure. 


